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Figure 5.1 Lateral view of the intact, upright lumbar spine,
showing its curved shape. ALL, antersor longitudinal ligament;
WD, intervertebral disc; 150, interspinous ligament; 550
supraspinous ligament; 21, sygapophysial joint

the lumbasacral zygapophysial joints. A ligamentum

flavum is present between the laminae of L5 and the

sacrum, and an interspinous ligament connects the L5

and 51 inous

Figure 5.2 Some of the angles usad ta describe the lumbar
spime. 1, angle formed by the top of the sacrum and the
horizontal plare (mean value abaut 507); 2, angle between the
bottam of LS and the top of the sacrum (mean value 16°); 3,

angle between the top of L1 and the sacrum, used to measure
the lumbar lordosis [mean value: about 70°7).
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Correlation between sagittal plane changes and adjacent segment degeneration
following lumbar spine fusion
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Zusammenfassung

Adjacent segment degeneration following lumbar spine fusion remains a widely acknowledged
problem, but there is insufficient knowledge regarding the factors that contribute to its occurrence.
The aim of this study is to analyse the relationship between abnormal sagittal plane configuration of
the lumbar spine and the development of adjacent segment degeneration. Eighty-three consecutive
patients who underwent lumbar fusion for degenerative disc disease were reviewed retrospectively.
Patients with spondylolytic spondylolisthesis and degenerative scoliosis were not included in this
study. Mean follow-up period was 5 years. Results were analysed to determine the association
between abnormal sagittal configuration and post operative adjacent segment degeneration. Thirty-

one out of 83 patients (36 19%) showed radiographic evidence of adiacent seament degeneration
Patients with normal C7 plumb line and normal sacral inclination in the immediate post operative
radiographs had the lowest incidence of adjacent level change compared with patients who had
abnormality in one or both of these parameters. The difference was statistically significant (P<0.02).

There was no statistically significant difference in the incidence of adjacent level degeneration between
male and female patients; between posterior fusion alone and combined posterolateral and posterior
interbody fusions; and between fusions extending down to the sacrum and fusions stopping short of
the sacrum. It was concluded was that normality of sacral inclination is an important parameter for
minimizing the incidence of adjacent level degeneration. Retrolisthesis was the most common type of
adjacent segment change. Patients with post operative sagittal plane abnormalities should preferably
be followed-up for at least 5 years to detect adjacent level changes.
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Classification of the Normal Variation in the Sagittal Alignment of
the Human Lumbar Spine and Pelvis in the Standing Position

Reoussculy, Pierre MD; Gellegly, Schrab MD; Berthonnaud, Eric PhD; Dimnet, Jochanes PhD

[—] Abstract

Study Design. A prospective radiographic
study of 160 volunteers without symptoms of
spinal disease was conducted

Objectives. The objective of this study was to
describe, quantify, and classify common
variations in the sagittal alignment of the
spine, sacrum. and pelvis

Summary of Background Data. Previous
publications have documented the high
degree of variahility in the sagittal alignment
of the spine. Other studies have suggested
that specific changes in alignment and the
characteristics of the lumbar lordosis are
responsible for degenerative changes and
symptomatic back pain

Methods. In the course of this study
anteroposterior and lateral radiographs of 160
volunteers in a standardized standing
position were taken. A custom computer
application was used to analyze the
alignment of the spine and pelvis on the
lateral radiagraphs. A four-part classification
scheme of sagittal morphology was used to
classify each patient

Results. Reciprocal relationships between
the orientation of the sacrum. the sacral
slope, the pelvic incidence, and the
characteristics of the lumbar lordosis were
evident. The global lordotic curvature

lordaosis tilt angle, position of the apex, and
number or lordotic vertebrae were determined
by the angle of the superior endplate of 51
with respect to the horizontal axis

Conclusions. Understanding the patterns of
variation in sagittal alignment may help to
discover the association between spinal
balance and the development of degenerative
changes in the spine



Pelvic incidence: a fundamental pelvic parameter for three-dimensional regulation of spinal sagittal
Curves
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Abstract This paper proposes an anatomical parameter, the pelvic incidence, as the key factor for managing the
spinal balance. Pelvic and spinal sagittal parameters were investigated for normal and scoliotic adult subjects. The
relation between pelvic orientation, and spinal sagittal balance was examined by statistical analysis. A close relationship
was observed, for both normal and scoliotic subjects, between the anatomical parameter of pelvic incidence and the
sacral slope, which strongly determines lumbar lordosis. Taking into account the Cobb angle and the apical vertebral
rotation confers a three-dimensional aspect to this chain of relations between pelvis and spine. A predictive equation
nf lnrdosis is nostulated. The nelvic incidence annears to he the main axis of the sanittal halance of the snine. Tt




Type 1 Lordosis

The sacral slope is less than 35 degrees, which is
usually associated with a low pelvic incidence (Figure 3A
and B). The apex of the lumbar lordosis is located in the
center of L5 vertebral body. The lower arc of lordosis is
minimal, decreasing towards zero as the sacral slope
approaches the horizontal. The inflection point is low
and posterior, creating a short lordosis with a negative
lordosis tilt angle. The upper spine has a significant
kyphosis of the thoracolumbar juction and thorax
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Type 2 Lordosis
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The sacral slope is less than 35 degrees (Figure 4A and B). The apex
of the lumbar lordosis is located at base of the L4 vertebral body. The
lower arc of lordosis is relatively flat. The inflection point is higher and
more anterior, decreasing the lordosis tilt angle, but increasing the
number of vertebral bodies included in the lordosis. The entire spine
is relatively hypolordotic and hypokyphoaotic.



Type 3 Lordosis
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The sacral slope is between 35 and 45 degrees (Figure 5A and B). The apex of lumbar
lordosis is in the center of the L4 vertebral body. The lower arc of lordosis becomes
more prominent. The inflection point is at the thoracolumbar junction, and the lordosis tilt
angle is nearly zero. An average of four vertebral bodies constitute the arc of lordosis.
The spine is well-balanced.
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The sacral slope is greater than 45 degrees, which is associated with a
high pelvic incidence (Figure 6A and B). The apex of the lumbar lordosis
is located at the base of the L3 vertebral body or higher. The lower arc
of lordosis is prominent, and the lordosis tilt angle is zero or positive.
The number of vertebrae in a lordotic orientation is greater than five,
and a state of segmental hyperextension exists.




In this cohort of normal volunteers, the sagittal alignment of the spine varied significantly.
The average value for the global kyphosis of the thoracic curvature was 46.4 degrees
with a range of 22.5 to 70.3 degrees. The inflection point where the spine transitioned
from kyphosis to lordosis was located, on average, in the center of the L1 vertebral body,
near the thoracolumbar junction (Table 1). However, this transition was noted to occur as
proximally as the T10 vertebral body, and as distally as the L4 vertebral body. The
average value for global lordosis of the lumbar curvature was 61.4 degrees with a range
from 41.2 to 81.9 degrees. The apex of lumbar lordosis was located, on average, in the
center of the L4 vertebral body, with a range from the center of L2 proximally to the base
of L5 distally. The angle of the superior endplate of S1 with respect to the horizontal axis
averaged 39.9 degrees, with a range from 21.2 to 65.9 degrees. Pelvic incidence
averaged 51.9 degrees, with a range of 33.8 to 83.7 degrees. Pelvic tilt, defined as the
included angle between a line drawn from the center of the hip axis to the center of the
superior end plate of S1 and the vertical axis, averaged 12.0 degrees, with a range from
—5.1 to 30.6 degrees.




The correlation between the sacral slope and global lordosis (R = 0.86) indicates
that the total amount of lordosis is determined by the relationship of the superior
endplate of S1 with respect to the horizontal axis. Global lordosis increases as
the sacral slope becomes more vertical, demonstrating a reciprocal relationship
between the orientation of the sacrum and the characteristics of the lumbar

lordosis. There is also a strong correlation between sacral slope and pelvic
incidence (R = 0.80). Statistically significant correlations between pelvic
incidence and global lordosis (R = 0.64), sacral slope and position of the apex (R
= 0.52), sacral slope and lordosis tilt angle (R = 0.53), and position of the apex
and lordosis tilt angle (R = 0.72) also exist.




The correlations between the various parameters of lumbar and pelvic alignment
indicate that characteristics of the lumbar lordosis are most dependent upon the
orientation of the sacral slope and the pelvis. The upper arc of lumbar lordosis
remains relatively constant, with an average value of approximately 20 degrees in
all proposed types of sagittal alignment. In contrast, the lower arc of lordosis is the
most important determinant of the global lordosis; lordosis tilt angle, position of the

apex, and number of lordotic vertebrae. A sacral slope less than 35 and a low
pelvic incidence are associated with a relatively flat, short lumbar lordosis. A sacral
slope greater than 45" and a high pelvic incidence are associated with long, curved
lumbar lordosis. This reciprocal relationship between the orientation of the sacrum
and the characteristics of the lumbar lordosis is an important component of overall
sagittal alignment.




Many authors have commented upon the negative consequences of “flat back
syndrome”, and the importance of preserving lumbar lordosis during arthrodesis of
the lumbar spine. In a review of the eighty-three consecutive lumbar spine

fusions, an anterior shift in the C7 plumb line and a vertically oriented sacrum was
found to be a statistically significant predictor of surgical treatment for adjacent
segment degeneration within five years




Cervical fusion

Instr Course Lect. 2000;58:747-56.

Adjacent segment disease after cervical spine fusion.

Rihn JA Lawrence J, Gates C, Harris E, Hilibrand AS.
Department of Orthopedic Surgery, Rothman Institute, Thomas Jefferson University Hospital, Philadelphia, Pennsylvania, USA.

Anterior cervical diskectormy and fusion is one of the most common cervical spine procedures. Although itis usually successful in relieving the symptoms of radiculopathy and
myelopathy, the subsequent development of clinically significant disk disease at levels adjacent to the fusion is a matter of concern. Adjacent segment cervical disease occurs
in approximately 3% of patients; the incidence is expected to increase to more than 25% of patients within the first 10 years after the index fusion procedure. The disease is
well described in the literature, and significant basic science and clinical research has been conducted. Monetheless, the cause ofthe disease is a matter of debate. A
combination of factors probably contributes to its development, including the increased biomechanical stress placed on the disk space adjacent to a fusion and the natural
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[Clinical observation to adjacent-segment disease after anterior cervical discectomy and fusion]
[Article in Chinese]

An C, GuoJ Yuan Q.
Department of Orthopedics, Shengjing Hospital, China Medical University, Shenyang Liacning, 110004, P.R. China. anpostbox@163.com

OBJECTIVE: To probe the efiopathogenisis of adjacent-segment disease by analyzing the imageology data and clinical neurological function in patients with anterior cervical
discectomy and fusion (ACDF) harvested by long-term follow-up. METHODS: A retrospective study was performed on 52 patients who had undergone ACDF with perfect
documents from January 1990 to April 2003, Ofthe patients, 45 were males and 7 were females with a mean age of 48.5 years (range from 25 to 72 years). There was the
fusion of 10 one-levels, 38 two-levels and 4 three-levels. The cervical anterior-posterior and lateral X-ray, CT and MRI examination were performed befare the operation.
Clinical neurological function was recarded by the Murick score, and this score at 6 weeks after the operation was compared with the later follow-up. In the radiological
examination, the motion of adjacent vertebrae and osteophyte formation were reviewed on X-ray and CT, and were converted to the semi-quantitative degeneration score
accarding to the Goffin method. The carrelation between Murick scare or degeneration score and the age at operation or fusion levels was compared by Spearman correlation
coefficients. The cervical canal sizes of adjacent level and remaote level on MRl were reviewed and compared with each other by ttest. RESULTS: The follow-up period was 3 to
10 years, 6.9 years on average. There was difference in the Murick score between the Gth week after operation (1.07 +/- 0.84) and the later follow up (1.92 +~ 1.28) by rank test
(P =0.058). There was no correlation between the Murick score change and the age at operation (r=0.21, P = 0.05) or fused levels(r = 0.20, P = 0.05) by Spearman correlation
coefficients. There was obvious difference in degeneration score between the 6th week after operation (0.73 +- 0.67) and the later follow up (1.58 +- 1.06), (P = 0.01). There
was no correlation between the degeneration score change and the age at operation (r=0.35, P = 0.05) or fusion levels (r = 0.38, P = 0.05) by Spearman correlation
coefficients. The cervical canal size reductions were (1.7 +~1.1) mm at superior adjacent level, (1.2 +- 0.6) mm at inferior adjacent level and (0.30 +- 0.68) mm at remaote level.
There was obvious difference between superior or inferior and remote level by ttest (P = 0.01). The adjacent level developed prominent degeneration together with nerve
function change after the fusion operation and displayed correlation between degeneration and nerve function change(r = 0.41, P = 0.08). CONCLUSION: The adjacent-
segment disease after interbody fusion is produced by multiple factors. The natural progression in adjacent disc, biomechanical natural change resulting from interbody
fusion, destruction to ligament structure in frant of cervical vertebrae by operation, and bone graft model are impaortant factors not to be ignored.

PWID: 18575434 [Pubied - indexed for MEDLIME]
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Adjacent segment disease after anterior cervical interbody fusion.

Ishihara H, Kanamari M, Kawaguchi ¥, Makamura H, Kimura T.

Department of Orthopaedic Surgery, Toyama Medical and Pharmaceutical University, 2530 Sugitani, Toyama-city, Toyvama 530-0154, Japan. hirckazu@ms.toyama-mpu.ac.jp

BACKGROUMD COMNTEXT: There have been many follow-up studies on anterior interbody fusion for cervical nerve root and spinal cord compression, and excellent
neuroclogical outcomes have been reported. However, postoperative degenerative changes at adjacent discs may lead to the development of new radiculopathy or myelopathy.
In the previous reports, the incidence of symptomatic adjacent segment disease has ranged from 7% to 15%. PURPOSE: The present study was undertaken to investigate the
incidence of symptomatic adjacent segment disease after anterior cervical interbody fusion (ACIF) and to identify the factors that are related to the development of this disease.
STUDY DESIGMN/SETTING: This is a refrospective cohort study. PATIENT SAMPLE: A total of 112 patients were followed up clinically and radiclogically for more than 2 years.
QUTCOME MEASURES: Follow-up evaluation was primarily by means of clinical visits. The postoperative course of any symptoms, the findings of neurological examination
and serial follow-up radiographs were performed in all patients. METHODS: The diagnosis of symptomatic adjacent segment disease was based on the presence of new
radiculopathy ar myelopathy symptoms referable to an adjacent level, and the presence of a compressive lesion at an adjacent level by magnetic resonance imaging or
myelography. We evaluated the correlation between the incidence of symptomatic adjacent segment disease and the following clinical parameters (age at operation, sex,
number of the levels fused) and radiological parameters (preoperative cervical spine alignment, preoperative range of motion of C2-C7¥ cervical spine, anteroposterior spinal
canal diameter, preoperative existence of an adjacent segment degeneration on plain radiograph, myelography and magnetic resonance imaging [MRI]). RESULTS:
Symptomatic adjacent segment disease developed in 19 of 112 patients (19%) followed. A Kaplan-Meier survival analysis was performed in order to follow the disease-free
survival ofthe entire series of patients. The disease-free surnvival rates were 39% at 5 years, 84% at 10 years and 67% at 17 years. The incidences of indentation of dura matter
an preoperative myelography or disc protrusion on MR at the adjacent level were significantly higherin disease cases (p=.0087, .0298, respectively; chi-squared test).
However, the other parameters did not show a statistically significant difference. There were seven cases (37%) who had failure of nonoperative treatment and additional
operations were performed. CONCLUSIONS: The incidence of symptomatic adjacent segment disease after ACIF was higher when preoperative myelography or MRl revealed
asymptomatic disc degeneration at that level regardless of the number of the levels fused, preoperative alignment, spinal canal diameter or fusion alignment.

PMID: 15541893 [PubMed - indexed for MEDLINE]
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Spine (Phila Pa 1976). 2004 Sep 1;29(17);1938-44,
Adjacent segment disease after lumbar or lumbosacral fusion: review of the literature.

Park P, Garton HJ, Gala ViC, Hoff JT, McGillicuddy JE.
Department of Neurosurgery, University of Michigan Health System, Ann Arbor, M1 48108-0338, USA, ppark@umich.edu

STUDY DESIGM: Review of the literature. OBJECTIVES: Review the definition, etiology, incidence, and risk factors associated with as well as potential treatment options.
SUMMARY OF BACKGROUMND DATA: The development of pathology atthe mobile segment next to a lumbar or lumbosacral spinal fusion has been termed adjacent segment
disease. Initially reported to occur rarely, it is now considered a potential late complication of spinal fusion that can necessitate further surgical intervention and adversely affect
outcomes. METHODS: MEDLIME literature search. RESULTS: The most common abnormal finding at the adjacent segment is disc degeneration. Biomechanical changes
consisting of increased intradiscal pressure, increased facet loading, and increased mobility occur after fusion and have been implicated in causing adjacent segment
disease. Progressive spinal degeneration with age is also thought to be a major contributar. From a radiographic standpoint, reported incidence during average postoperative
follow-up observation ranging from 36 to 369 months varies substantially from 5.2 to 100%. Incidence of symptomatic adjacent segment disease is lower, however, ranging
from 5.2 t0 18.5% during 44.8 to 164 months of follow-up observation. The rate of symptomatic adjacent segment disease is higher in patients with transpedicular
instrumentation (12.2-18.5%) compared with patients fused with other forms of instrumentation or with no instrumentation (5.2-5.6%). Potential risk factors include
instrumentation, fusion length, sagittal malalignment, facet injury, age, and pre-existing degenerative changes. CONCLUSION: Biomechanical alterations likely play a primary
role in causing adjacent segment disease. Radiographically apparent, asymptomatic adjacent segment disease is commaon but does not correlate with functional outcomes.
Potentially modifiable risk factors for the development of adjacent segment disease include fusion without instrumentation, protecting the facet joint of the adjacent segment
during placement of pedicle screws fusion length, and sagittal balance. Surgical management, when indicated, consists of decompression of neural elements and extension
of fusion. Cutcomes after surgery, however, are modest.

PMID: 15534420 [PubMed - indexed for MEDLINE]
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J Spinal Dizord Tech. 2009 Oct;22(7):.4563-7.

Motion-preserving surgery can prevent early breakdown of adjacent segments: Comparison of posterior dynamic
stabilization with spinal fusion.

Kanayama M, Togawa D, Hashimoto T, Shigenobu K, Oha F.

Spine Center, Hakodate Central General Hospital, Hokkaide, Japan. mkanayvamai@acl.com

STUDY DESIGM: A retrospective study. OBJECTIVES: This study aims to determine the prevalence and nature of adjacent-segment deterioration after posterior
ligamentoplasty, posterolateral lumbar fusion (PLF) wersus posterior lumbar interbody fusion (PLIF). SUMMARY OF BACKGROUMD: Motion-preserving technologies including
disc arthroplasty and ligamentoplasty were gaining interest to reduce the risk of adjacent-segment morbidity. However, few clinical studies have repored the prevalence of
adjacent-segment disease in motion-presenving surgeries. METHODS: Two-hundred and eighteen consecutive patients who had undergaone single-level posterior L4-L5
pedicle-screw-instrumented fusion or ligamentoplasty were reviewed at minimum 2-year follow-up. They were 81 males and 127 females with mean age of 62 years. Follow-
up period was averaged 41 months and follow-up rate was 97.3%. There were 78 cases of PLIF, 75 of PLF, and 65 of ligamentoplasty. Demographics were not statistically
different amang the 3 groups. Prevalence of adjacent-segment morbidity (radiculopathy associated with newly developed pathologies at neighbaring levels) and required
additional surgery were investigated. RESULTS: Prevalence of adjacent-segment maorbidity was 14.1% in PLIF, 13.3% in PLF, and 9.2% in ligamentoplasty; the time to
represent symptom was averaged 25.2, 39.3, and 51.8 postoperative months, respectively. Additional surgeries for adjacent-segment pathologies were required for 7.6% in
PLIF, 6.7% in PLF, and 1.5% in ligamentoplasty. Although all PLF cases needed only decompression surgeries, 66.7% of reoperations in the PLIF group required fusion aowing
to progression of adjacent-segment instability. COMCLUSIONS: Prevalence of adjacent-segment disease and reoperation rate seemed to be lower in ligamentoplasty than
fusion surgeries, but the difference was not significant. Ligamentoplasty circurmvented adjacent-segment disease for longer period than fusion surgeries. Although the rates of
additional surgeries in PLIF and PLF were comparable, PLIF developed adjacent-level instability and required fusion surgery mare frequently than PLF.

PRID: 20075807 [Publed - in process)
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Adjacent segment disease followinglumbar/thoracolumbar fusion with pedicle screw instrumentation: a minimum 5-year
follow-up.

Cheh G, Br || KH, Lenke LG, B
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PMID: 17873819 [PubMed - indexed for MEDLIME]
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=shi. 2008 May;99(5).107-13.
Degenerative change in the adjacent segments to the fusion site after posterolateral lumbar fusion with pedicle screw
instrumentation--a minimum 4-year follow-up.
H i T, Ari ji

Department of Orthopaedic Surgery, Kyvushu Central Hospital, Fukucka, Japan. tetsucg84hayashi@yahoo.cojp

BACKGROUMD: Caontroversy remains regarding the subsequent degeneration of adjacent segments, and little reliable infarmation could be found in the literature regarding
long-term clinical results and adjacent segment degeneration. The objective of thi: dy is to investigate the degenerative change of adjacent segments to the fusion site :Irld
clinical outcome after posterolateral lumbar fusion with pedicle screw instrumentation and identify the risk factors in degenerative change at adjacent segments. METHODS:
Thirty-two patie who underwent posteralateral lumbar fusion and were able to be followed over four ye: re evaluated in this study. The intervertebral disc height, perc ent
of slip, lumbosacral joint angle, lumbar lordosis ; isc angle were all examined. The postoperative progression of degeneration at adjacent segments were defined as
mare than a 5 narrowing in the adjacent height or more than a* slip in adjacent segments in comparison to the preoperative neutral lateral radiographs. The
clinical results were assessed using an evaluation scores for lumbar lesions proposed by the Japanese C pedic Association. RESULTS: Fifteen (4 ofthe 32 patients
had adjacent segment degeneration including slip or narrowing. Mo significant correlation was found tletu--een the :Idj segment degeneration and the recovery rate atthe
final follow-up. In addition, no s mrnf cant ¢ nrrel:ntmn" as observed between the adjacent segment degeneration at the lastest follow-up and postoperative radiographic
measurements. COMCLUSIONS: aphic xneration 3 : 3 Nt segme d o. Mo significant correlation was found between degenerative
change in the adjacent segments and the ¢ I|r||ral res ult'. We |::nuld nat identify any preoperative radiographic factors which might have influenced the segments adjacent to the
fusion.

PMID: 18788454 [PubMed - indexed for MEDLINE]
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Adjacent segment morbidity after Graf ligamentoplasty compared with posterolateral lumbar fusion.

himoto T, Shige e iy, H, Yamamaoto K, Y
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- Graflig jmentnpl annot completely replace spinal fusion. In a well-selected group r:nf patients, however, it shown to maintain lumbar mobility and
zagittal alignment, and it decreased the risk of adjacent-segment deterioration compared with PF with instrumentation.

PMID: 11453431 [PubMed - indexed for MEDLINE]




J Neurosurg Spine. 2009 Dec;11(6).715-23.

Effect of lumbar total disc arthroplasty on the segmental motion and intradiscal pressure at the adjacent level: an in vitro
biomechanical study: presented at the 2008 Joint Spine Section Meeting Laboratory investigation.

Ingalhalikar AV, Reddy CG, Lim TH, Tarner JC, Hitchan PW.

Department of Biomedical Engineering, University of lowa, lowa City, lowa, USA,

QOBJECT: The arificial disc has been proposed as an alternative to spinal fusion for degenerative disc disease. The primary aim of this biomechanical study was to compare
maotion and intradiscal pressure (IDP) in a ball-and-socket arificial disc-implanted cadaveric lumbar spine, at the operative and adjacent levels, using a displacement-
controlled setup. A secondary comparison involved a "salvage” construct, consisting of pedicle screws (P3Ss) added in supplementation to the arificial disc construct.

METHODS: Ten human cadaveric lumbosacral spines (L2-21) were potted at L-2 and 3-1. All measurements were initially made in the intact spine, followed by implantation of
the artificial disc, and finally by the salvage P3 condition. Faor the artificial disc condition, a Maverick ball-and-socket artificial disc was implanted at L4-5. For the PS condition,
CD Harizon P3s were placed at L4-5, and the artificial discwas left in place. A displacement-controlled, custom-designed testing apparatus was used to impant motion in the
sagittal and coronal planes. Motion at both the implanted level (L4-5) and immediately adjacent levels (L3-4 and L5-51) was measured. Intradiscal pressure atthe rostral
adjacent level (L3-4)was also measured. The Tukey test was used for statistical analysis (p = 0.05). RESULTS: In flexion, na significant difference was noted between the
artificial disc and the intact spine with regard to motion at the operative level, motion at adjacent levels, or IDP. In lateral bending, while the adificial disc significantly decreased
operative-level motion (p = 0.05), no significant difference was noted in adjacent-level motion or IDP. With regard to extension, the arificial disc significantly increased operative
level motion and decreased the rostral adjacent level (L3-4) motion and IDP (p = 0.05). Caudal adjacent-level (L5-51) motion was not significantly different. In flexion and lateral
bending, the addition of P3s significantly decreased motion at the implanted level when compared with the intact spine and the arificial disc (p = 0.05). This decrease in
mation at the index level was associated with a compensatory increase in motion at both adjacent levels in flexion only (p = 0.05), but not in lateral bending (p = 0.05). The IDP
was significantly increased in lateral bending but not in flexion. With regard to extension, the significant decrease in IDP that was noted with the adificial disc persisted despite
the addition of PSs (p = 0.05). CONCLUSIONS: The artificial disc either maintains or reduces adjacent-level motion and pressure, compared with the intact spine. The addition
of PSs to the artificial disc construct leads to significantly increased motion at adjacent levels in flexion and significantly increased IDP in lateral bending. At the operative level,
the arificial disc is associated with hypermobility in extension, which is restored to the intact state after the addition of supplementary P3s.
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